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I. INTRODUCTION 
The United States experienced a rapid increase in the 
birth rate during the 19401s. The higher birth rate has con­
tinued during the recent years. As a result, enrollments are 
now increasing in the elementary and high schools. This larg­
er stream of students will soon reach the colleges". 
In recent years there has been a reduction in "drop-outs" 
before graduation from high school. Also, a higher percentage 
of high school graduates are seeking a college education today 
than ever before. College and university administrators are 
faced with the problem of increasing the student-teacher load, 
securing an increase in funds, or restricting admissions. 
Contrasted with the swelling numbers to be educated, is 
the diminished number of persons in the age group from which 
new teachers must be recruited. It is from those born during 
the 193°'s, a low birth rate period, that must come much of 
the immediate supply of new college teachers, not only for 
filling staff vacancies due to resignation, death, and retire­
ment, but also for the expansion to meet the surge in enroll­
ment. 
It is predicted that this imbalance between demand and 
supply will continue for the next several years with no in-
D^onald H. Ross and Bernard McKenna. Class size: the 
multi-million dollar question. New York, Institute of .admin­
istrative Research. Teachers College. Columbia University. 
1955- p. ii. 
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crease "beyond the present number of potential teachers until 
late in the sixties'1". This imbalance between expected demand 
and supply has necessitated a search for more efficient meth­
ods of instruction. 
Increasing the average size of classes is one of the ob-
2 
vious alternatives to be considered. Diekhoff has stated: 
Whether we like it or not, we shall continue to 
have too few fully qualified teachers in our col­
leges. If the ratio of students to faculty members 
is not to continue to rise, we must employ more and 
more substandard teachers. If we wish to raise the 
qualifications for college teaching, we must accept 
an increase in the ratio of students to teachers. 
These problems have renewed the interest in and con­
troversy about the relative merits of large and small-sized 
classes. Class size refers to the number of pupils regularly 
scheduled to meet in the administrative and instructional unit 
under the direct guidance of a single teacher. 
At the University of Wichita, the decision to study the 
merits of large sized classes in mathematics was made im­
perative in September, 1956. In the fall semester of 1956, 
there occurred a 25 per cent increase in the number of stu­
dents enrolled in the University. This figure includes part 
time and adult education students. The mathematics department 
for the same semester experienced a 60 per cent increase in 
•^ Ernest H. Ch erring ton Jr. How many can we teach? Jour­
nal of Higher Education 26: 90-93, 112. February, 1955* 
2John S. Diekhoff. Staffing the colleges. Journal of 
Higher Education 20: 445-456, 490. December, 1949» 
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the number of student credit hours in mathematics courses1. 
Although facilities and staff were provided for the fall of 
1956, the even higher enrollments predicted for the fall of 
1957 made some experimentation on class size highly desirable. 
The problem was presented to the entire mathematics staff 
at a regular staff meeting. This was discussed by the staff 
and the following recommendations were presented by the teach­
ers. First, that an experiment with large lecture sections 
be attempted. Second, all sections offered, of the course 
selected for experimentation, be taught by the same methods. 
Finally, it was recommended that the course in intermediate 
algebra be used for this experiment. 
There were two major reasons for the selection of inter­
mediate algebra for this experiment. First of all, there were 
enough students enrolling in the course to allow a substantial 
reduction in hours of teaching allotted for this course. 
Secondly, it was felt that, if the experiment failed, less 
damage to future graduating students would result from using 
this course than any other taught in the department of math­
ematics. Intermediate algebra is a remedial course, designed 
to remove a high school deficiency in mathematics, although 
two hours of college credit are allowed students for success­
ful completion of the course. 
•t 
C. B. Bead. Wichita, Kansas. Information on fall 
semester enrollment at the University of Wichita. Private 
communication. 1956. 
b 
The actual administrative and instructional details of 
the experiment were worked out by a small committee of which 
the author was a member. 
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II. THE UNIVERSITY OF WICHITA 
The University of Wichita was created on April 24, 1926, 
by a referendum vote of the people of Wichita. In June of the 
same year, the Board of Trustees of Fairmount College formal­
ly deeded the property of the College to the University. 
Fairmount College had been founded in 1895 under the auspices 
of the Congregational Church. The University of Wichita is 
accredited by the North Central Association and the Associa­
tion of American Universities. Women graduates of the Uni­
versity are eligible for membership in the American Associa­
tion of University Women. 
For the school year, 1955-56, the University of Wichita 
employed 230 full time faculty members. Approximately 34 per 
cent of these members held the doctorate1. 
The University of Wichita is organized into the follow­
ing seven colleges and schools: Fairmount College of liberal 
Arts and Sciences, College of Business Administration and 
Industry, School of Engineering, College of Education, College 
of Fine Arts, College of Adult Education, and Graduate School. 
The Fairmount College of Liberal Arts and Sciences pro­
vides courses in general education and in fields of major 
concentration. These courses emphasize understanding of the 
^University of Wichita. Biennial catalogue, 1957-1958, 
1958-1959. May, 1957. PP* 6-18. 
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principal areas of knowledge as the foundation for the devel­
opment of effective personality and constructive citizenship, 
and as a background for more specialized study. The three 
basic areas are the humanities, the natural sciences and math­
ematics, and the social sciences, among the aims of the col-
lege are the following : "to develop an appreciation of val­
ues; to stimulate creative and critical thinking; to under­
stand man and society; and to encourage competence to share 
in the world*s work." This college confers the Bachelor of 
Arts and Bachelor of Science degrees. The college provides 
courses which are basic for certain professional fields and 
for subsequent professional studies. These fields are: home 
economics, journalism, medical technology, nursing, pre-law, 
pre-medical, pre-dental, pre-veterinary, pre-pharmacy, pre-
optometry, and related professional fields. 
The College of Business Administration and Industry 
comprises the department of Accounting, Business, Economics, 
Management, Retailing, and Secretarial Training. This college 
confers the degrees of Bachelor of Business Administration, 
and Bachelor of Science in Business Administration. A two-
year program in secretarial training leads to an Associate of 
Applied Science degree. 
The College of Education provides pre-service programs 
for elementary and secondary teachers. Programs in school 
1Ibid., p. 51 
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administration, special education and in student personnel are 
also offered. These later courses are intended essentially 
to serve in continuing the professional preparation of class­
room teachers. All the courses offered are arranged to permit 
the development of1 : 
(a) understandings of the cultural characteristics 
of a democratic society and education's place within 
it; (b) a philosophy of education consistent with 
living within this society; (c) an adequate profes­
sional preparation and the opportunity to relate 
content to the problems of living; (d) knowledge of 
human growth and development; and (e) skills in the 
application of principles of human learning and 
adjustment. 
The College of Education confers the degree of Bachelor of 
Arts in Education. 
The College of Fine Arts is composed of the Department 
of Art and the School of Music. The curricula in the Depart­
ment of Art provide students with proficiency in art in the 
fields of art education, ceramics, commercial art, graphic 
art, and painting. These four-year programs lead to the 
degrees of Bachelor of Fine Arts or Bachelor of Art Education 
(secondary schools). The School of Music offers training in 
music-education, applied music, and theory-composition. 
Professional training and cultural background are stressed to 
prepare students for the teaching profession and to attain a 
high standard of artistic performance and theoretical concep­
I^bid., p. 61. 
8 
tion. The School of Music confers the degrees of Bachelor of 
Music Education and Bachelor of Music. 
The School of Engineering confers the degree of Bachelor 
of Science in the following areas: aeronautical engineering, 
civil engineering, electrical engineering, industrial engi­
neering, and mechanical engineering. A two-year program is 
offered in chemical engineering which is accepted by other 
recognized engineering schools. The programs of each of the 
undergraduate degree departments in the School of Engineering 
are offered in day and evening classes. The courses are the 
same whether they are taught in the daytime or at night. It 
is possible, therefore, for a student to obtain a degree by 
attending either day classes only, night classes only, or a 
combination of day and night classes. All course required 
for the Bachelor of Science degree are offered at least once 
every three years at night® Approximately nine years are 
required to secure an engineering degree by attending solely 
night classes. In all engineering classes, full use is made 
of the latest information available from local industry. 
The College of Adult Education was established to meet 
the educational needs of adults through academic work of a 
vocational, semi-professional, or cultural nature. The func-
1 tions of the program, as listed by the catalogue are: 
1Ibid«, p. 8?. 
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1. To provide continuing education in a variety 
of fields (social, economic, religious, etc.) 
for adults who wish to study for their own personal 
enrichment. 
2. To cooperate more extensively with business and 
industry in providing for groups of employees 
specialized courses, with or without credit, 
such as courses in finance, secretarial train­
ing, personnel management, etc. 
3« To sponsor lectures, conferences, and institutes 
for the benefit of students and the general 
public. 
4. To provide greater flexibility in general re­
quirements for adults to whom education is 
necessarily a secondary interest. 
5. To afford courses in the evening throughout 
the entire year, leading to a degree in one of the 
colleges of the University. 
6. To maintain administrative facilities for stu­
dents who have matriculated for an unspecified 
degree and who are not enrolled in another college 
of the University. 
The College of Mult Education does not confer degrees of any 
nature. 
The University of Wichita offers graduate work in the 
following departments : Accounting, Aeronautical Engineering, 
Art, Botany and Bacteriology, Business Administration, Chem­
istry, Economics, English, Geology, History, Logopedics, Man­
agement, Mathematics, Music, Physical Education, Physics, 
Political Science, Psychology, Religious Education and Phi­
losophy, Sociology and Anthropology, Teacher Education, and 
Zoology. The Graduate School confers the following degrees: 
Master of Arts, Master of Business Administration, Master of 
Education, Master of Fine Arts, Master of Music, Master of 
Music Education, Master of Science, and Master of Science in 
Aeronautical Engineering. 
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A summary of the enrollment1 in the various schools and 
colleges for the school year 1955-1956 is shown in Table 1. 
As indicated earlier, the University of Wichita is a 
four-year, degree granting, municipal university. As such 
it belongs to a rather small group of city colleges and unl­
iable 1. Enrollment summary for the school year, 1955-1956, 
at the University of Wichita 
Men Women Total 
Fairmount College of Liberal 
Arts and Sciences 1026 387 1413 
College of Business Administration 
and Industry 727 138 865 
School of Engineering 1120 10 1130 
College of Education 306 392 698 
College of Fine Arts 189 213 402 
College of Adult Education 483 317 800 
Graduate School 328 159 487 
Total 4179 l6l6 5795 
2 
versities. A careful study of the Education Directory re­
vealed only fifteen four-year, degree granting, city controlled 
and city supported institutions. Of these fifteen, only five 
XIbid., p. 181. 
U^.S. Office of Education. Education directory, 1956-
1957, part 3, higher education. 1956. 
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are located west of the Mississippi River. Table 2 lists 
these schools, their location and enrollment. 
Municipal colleges and universities are all faced with 
the problem of soaring enrollments and a narrow and limited 
tax base for support. These schools, however, do have some 
Table 2. Four-year city colleges and universities 
Name Enrollment location 
Brooklyn College 18645 Brooklyn, New York 
Chicago Teachers College 4225 Chicago, Illinois 
City College of the City 
of New York 
26426 New York City, 
New York 
Harris Teachers College 1067 St. Louis, Missouri 
Hunter College of the 
City of New York 
13075 New York City, 
New York 
Midwestern University 1262 Wichita Falls, Texas 
Miles College 582 Birmingham, Alabama 
Municipal University of 
Omaha 
4466 Omaha, Nebraska 
Queens College of the 
City of New York 
4925 New York City, 
New York 
The University of Akron 4672 Akron, Ohio 
University of Cincinnati 14041 Cincinnati, Ohio 
University of Louisville 5681 Louisville, Kentucky 
University of Toledo 5490 Toledo, Ohio 
University of Wichita 4392 Wichita, Kansas 
Washburn University 
of Topeka 
1927 Topeka, Kansas 
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inherent advantages. President Auburn1 of the University of 
Akron enumerates three such advantages. 
First of all, what about those young people who 
could not afford to go to college elsewhere? The 
municipal college affords them a high-quality, low-
cost education that they might otherwise be denied. 
Secondly, it enables them to continue their identity 
with the community in which most of them will continue 
to reside following graduation, maintaining and de­
veloping the friendships and associations which will 
stand them in good stead throughout their adult 
life. Thirdly, part-time employment opportunities 
are excellent — employment which furnishes the 
training and the experience which will be helpful 
upon graduation, and employment which provides the 
pocket money so necessary for those who must support 
themselves in whole or in part. 
A good labor market is a mixed blessing. Often the time spent 
en the job by students seriously interferes with the learning 
processes. 
A fourth advantage for the municipal universities is the 
close support and cooperation which are received from local 
business and industry. This support is both monetary, in the 
form of gifts, endowments, grants, and scholarships; and 
technical in lending key personnel and equipment for special 
lectures and other projects at the university. 
P. Auburn. Financing liberal education (municipal). 
Association of American Colleges Bulletin 40$ 60. March, 
1954. 
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III. REVIEW OF LITERATURE 
The trend in the frequency of class-size studies seems 
to be a fairly good indicator of contemporary socio-economic 
condition. When increasing school enrollments and rising 
price levels occur simultaneously, there is renewed activity 
in class-size research. There were many studies around the 
turn of the twentieth century, a slacking off right after 
World War I, and renewed efforts to give some empirical 
answers in the late twenties. The depression era saw class-
size research dwindle to the vanishing point in the mid-
thirties. Little if any research in this area was undertaken 
again until the World War II baby-crop started clamoring at 
the school door in the late forties . 
The question of class-size did not spring into being with 
the advent of the twentieth century. However, it was not 
until the twentieth century that sufficient statistical tools 
began to be available for scientific study of the class-size 
question. The actual problem of just how many students should 
be assigned to a single teacher has recently been traced to 
2 the third century by Enrich . He reports: 
I now find the answer goes back to at least the 
middle of the third century. In Babylonian Talmud 
"4toss and McKenna, op. cit., p. 1. 
o 
Alvin C. Enrich. Better instruction with fewer teach­
ers. Journal of Higher Education 27: 239-244. May, 1956. 
lb 
Baba Bathra 21A the rule was established by Babbi 
Baba, an authoritative sage of his era: "Twenty-
five students are to be enrolled in one class. If 
there are from twenty-five to forty, an assistant 
must be obtained. Above forty, two teachers are to 
be engaged." 
The studies of class-size since 1896 can be grouped into 
five stages or periods. These stages are: the pioneer period, 
the early experimental period, the controlled-ezper iment 
period, the refined-experiment period, and the modern or post­
war period. Each of these periods will be discussed and one 
or more representative studies made during the period will be 
discussed. So attempt will be made to report all the studies 
on this subject. Prior to 1950, a list of 267 studies of 
class size was compiled1. The number today must be nearing 
300. 
A. Pioneer Period 
The first quasi-scientific study of class size was con-
ducted by Bice in 1896. He measured the arithmetic ability, 
using the best test then available, of six thousand children 
in grades b to 8. These children were selected from eighteen 
schools in seven cities. He found that the number of pupils 
1 Henry J.  Otto and Fred Von Borgersrode. Class size. 
In Walter S. Monroe, editor. Encyclopedia of Educational Re­
search. pp. 212-216. New York, The Macmillan Co. 1950. 
2 J. M. Bice. Educational research: a test in arithmetic. 
The Forum 3*+: 281-297» October, 1902. 
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per class vas larger in the six schools having the highest 
scores on his test than in the schools having the lowest 
scores* Dr. Bice concluded that there was no significant re­
lationship between class size and achievement in arithmetic 
as measured by his tests. 
This study, like most of the investigations made by the 
pioneers, was carefully conducted with the best techniques 
then available. However, little information was available 
about the pupils' intelligence or the ability of the teachers. 
Thus, it was difficult to control on these items until suit­
able measures were developed. 
B. Early Experimental Period 
About 1915) researchers in class size began trying to 
control other factors. However, proper tests and devices for 
controlling of various factors were not available at this 
time. Thus, these studies served to point out the need for 
such statistical instruments and to suggest possibilities for 
future research. 
The study by Breed and McCarthy1 is representative of the 
research of this period. They studied the effect of class 
size on efficiency in the teaching of spelling. An attempt 
Frederick S. Breed and Grace D. McCarthy. Size of class 
and efficiency of teaching. School and Society 4: 965-971» 
December, 191o. 
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was made to hold constant the following factors: the size of 
the community in which the school was located, the amount of 
time for study and recitation, the number of new and review 
words studied each day, the method of teaching, the dates of 
the pretests and final tests, and the person administering 
the pretests and final tests. It was found that the large 
classes, in three of the five grades, showed greater improve­
ment at the end of twenty days of study. It was recommended 
that classes of over 50 in elementary-school be reduced to 
45 or 50 and that classes of less than 40 be increased up to 
40 or 45. 
G. Controlled-Experiment Period 
Further advances in the field of class-size research 
awaited the development of standardized instruments for meas­
uring intelligence and achievement. These instruments were 
generally available in the twenties. In 1922, Stevenson1 re­
ported a high school study. In this study, he controlled on 
intelligence and the teaching ability of the teachers. He 
found that, on the whole, there were only very slight ad­
vantages of small classes over the large classes in which 
students were paired. He concluded that, in the interest of 
efficiency, classes could be larger. 
1P. R. Stevenson. Relation of class size to school ef­
ficiency. Bureau of Educational Research. Bulletin No. 10. 
TJrbana, Illinois, University of Illinois. 1922. 
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Students , in two classes of introductory psychology, were 
] 
studied by Mueller in 1924. One class contained 20 students, 
the other 40 students. The students were paired on the basis 
of Otis Group Intelligence Test scores. Only 13 pairs of 
students were used in the study. The results of this study 
favored the small-sized class. Mueller concluded the critical 
class size was between 35 and 40 students. 
o 
Hudelson , at the University of Minnesota, carried out 
one of the most extensive studies of class size ever under­
taken. This study has become a classic and has been cited by 
nearly every researcher in the field since 1928. This experi­
ment was carried on in ld4 classes by 21 instructors in eleven 
departments in four colleges of the University of Minnesota 
over a period of years. Some 6,059 students were involved in 
this experiment, 4,205 in large classes and 1,854 in small 
classes. Comparative results were based upon 1,288 carefully 
matched pairs of students. Other factors were kept as uniform 
as possible, especially teaching method. 
Student and faculty attitudes towards large and small-
sized classes were surveyed by the use of several question­
naires. Hudelson found that students believe large classes 
*A. B. Mueller. Size of class as a factor in normal 
school instruction. Education 45: 203-207» December, 1924. 
2Earl Hudelson. Class size at the college level. Min­
neapolis, University of Minnesota Press. 1928. 
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yield the least satisfactory marks. The students' chief ob­
jections to large classes are the lack of personal acquaint­
ance with their instructors, the lack of sufficient classroom 
discussion, and the general lack of personal attention. He 
also found that the weaker the student, the more the student 
feels that it would be to his advantage to be in a small class. 
Faculty testimony tended to agree rather closely with that of 
the students. 
The experimental evidence relative to class size revealed 
that, in 46 of the 59 experiments, an advantage appeared for 
the paired students in the large sections. Also, at every 
intelligence level, the paired students in the large section 
excelled their mates. The relative gain in achievement was 
no greater for the higher levels than for the lower. 
Hudelson concluded that class size had little effect on 
achievement and that, in the interest of economy, classes 
could be larger. He probably should have concluded that, if 
classes are to be taught by lecture methods, class size has 
little effect on achievement. 
D. Refined-Experimentation Period 
The results of previous experiments, using uniform teach­
ing techniques, suggested that greater differences in results 
might be expected if instructional techniques were used which 
were most appropriate to the size of class. Attention was 
19 
also turned to investigations involving more specific factors 
such as: the effect of class size on pupil attitudes, the 
results upon achievement of different-sized groups classified 
into homogeneous ability levels, and the effect of class size 
upon teacher knowledge of individual pupils. Consequently, 
a series of experiments along these lines began appearing 
about 1925. 
Jensen1, in 1930, reported a study conducted in the 
Galileo High School of San Francisco, California. The experi­
ment was carried out in second semester algebra. The two 
groups were carefully controlled on chronological age, sex, 
mental ability as measured by Terman Group Test I.Q.'s, sub­
ject knowledge as measured by inventory tests, language 
handicaps due to differences in national origin, dimural 
changes, course of study, procedures in administering and 
scoring tests, and influence of teachers. The teachers were 
encouraged to vary their teaching procedures to suit the needs 
of the various classes. 
The boys and girls were taught separately, the girls in 
classes of h? and 17. The boys were divided into two levels 
of intelligence, those with I.Q.'s up to 103, and those with 
I.Q.1 s of 103 and above. In the lower level group, the sizes 
of classes were 15 and 4l. In the higher level, the sizes 
M^ilton B. Jensen. The results of an investigation in 
second semester high school algebra. Journal of Educational 
Research 21: 337-356. May, 1930. 
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were 17 and 48. Jensen concluded that achievement in elemen­
tary algebra is more rapid in small than in large classes. 
He also found that the boys suffer more from the large classes 
than do the girls. 
A study by Brown1, in 1929-1931, has two parts: to see 
whether, under the conditions of the experiment, size of class 
has any significant effect upon achievement and, after finding 
that it did not, to see if procedures could be developed to 
produce a significant advantage for the large group. The 
criterion involved in the size-variable portion of the study 
was pupil achievement as measured by a combination of six ob­
jective tests. The method used in the experiment was the 
parallel equated group method. Learning ability, as measured 
by scores on two placement tests and a pretest in the subject 
matter field, was controlled by obtaining comparable means 
and standard deviations of the scores on the control tests. 
Three classes of introductory psychology and one in American 
government were used in the experiment. The results in one 
class showed a significant advantage for the large class 
(critical ratio of 3*47), one class showed essentially no 
advantage either way, and the other two classes showed a 
slight, non-significant advantage for the small classes 
Albert E. Brown. The effectiveness of large classes at 
the college level: an experiment involving the size variable 
and the size-procedure variable. University of Iowa Studies 
in Education. Vol. 7, No. 3» 1932. 
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(critical ratios <1.00). Brown attributed the significant 
result to factors other than class size. 
In the size-procedure portion of his study, Brown at­
tempted to measure the effectiveness of a procedure of teach­
ing which he felt was well adapted to large classes. The 
teaching procedures used by Brown in both the large and small 
experimental classes were1: 
(a) Discussion of any points left over from the 
previous day. 
(b) Special report and discussion, six minutes. 
(c) Squad discussion on the unit for the day, 
twenty minutes 
(d) General class discussion, led by the in­
structor.... 
The small control class was taught by a procedure commonly 
used in small classes. The size of the classes was again ap­
proximately 30 and 60 students. Classes in the same courses, 
introductory psychology and American government, were used in 
this portion of the study. Student ability as measured by 
two placement tests was again controlled as in the former part 
of this study. The results were quite conclusive. In every 
case the large experimental group excelled the control group. 
The large experimental group excelled the small experimental 
group in all cases. Thus, the procedure tested here was 
found to be superior to the usual small class procedures and 
to demonstrate better results as class size increased from 
30 to 60 students. 
I^bid., p. 42. 
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Raths\ in 1931-1932, studied the problem of class size 
in zoology classes. His main objectives were ability to use 
scientific method and acquisition of zoological information 
including information which would seem to require familiarity 
with the study of the animals themselves. Baths controlled 
on two items: the scores on the first mid-term examination, 
which was given three weeks after the start of the term, and 
the grade point average earned during the previous quarter. 
A regression equation for the large class was found and, for 
the students in the small classes, final grades were pre­
dicted. The errors in prediction were then analyzed. This 
technique anticipated the use of covariance analysis, which 
is now used extensively. Raths found no differences in at­
tainment of objectives, except in the acquiring of informa­
tion which would seem to require familiarity with animals. 
Here the advantage was not large enough to be statistically 
significant. 
E. Post-War Period 
The later years of the depression and the following war 
years saw little, if any, research being done in the area of 
class size. There are at least two reasons for this lack of 
activity. First, enrollments were not excessively large at 
"J Louis Edward Raths. Class size in the Department of 
Zoology. Unpublished Ph.D. Thesis. Columbus, Ohio, Ohio 
State University Library. 1933» 
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any level of instruction, and second, there were few students, 
in the graduate schools, available to carry on this kind of 
research. The end of World War II saw thousands of former 
servicemen returning to the college campuses. The increase 
of enrollment due to the return of the servicemen was tempo­
rary and caused only a little research into the class size 
problem. A year or so later, the war time baby-crop started 
arriving at the elementary schools. This increase in enroll­
ment, as could be seen, was not temporary. It would be con­
tinuing and would eventually reach all levels of instruction. 
Consequently, research into the problems of class size took 
on new importance. 
Rohrer^  reported a class size experiment performed at 
the University of Oklahoma in 19^ 7-19^ 8. Six beginning 
classes in American government were used. The class sizes 
ranged from 23 to 332 students. A test of the differences of 
means in achievement indicated the differences were not sta­
tistically significant. The difficulty of the course and 
interest in the course were measured by using rating scales. 
It was found that the difficulty of the course, as expressed 
by students, was significantly related to the teacher and to 
the size of class. The students* interest in the course var­
ied significantly by teacher and by size of class. For both 
J^ohn H. Rohrer. Large and small sections in college 
classes. Journal of Higher Education 28: 275-279» May, 1957. 
2\ 
of these areas, it was reported that there was interaction be­
tween teacher and size of class. 
Husband"*" reported a study he had conducted in a required 
course in psychology at Iowa State College. Approximately 
1,700 undergraduates, largely sophomores, were used in the 
six quarters covered by the experiment. The lecture sections 
averaged about 200 students with a range from 140 to 320. 
The smaller classes ranged from 30 to 60 students, usually $0 
to 55* All sections were taught by the author. Otherwise, 
no control of student interest, ability, background, or other 
factors was attempted. The lecture sections averaged three 
points higher than the smaller classes, with superiority ap­
pearing five quarters out of six. The sixth quarter came out 
a tie. In no case, did the smaller group earn a higher course 
total. However, the differences found were not statistically 
significant. 
2 Holland studied the effect of class size upon the stu­
dents' opinion of the instructor. He found: 
1. There are differences among instructors as to 
the way that they are received by classes of dif­
ferent sizes. 
2. There is a tendency for instructors, other 
things being equal, to be more favorably 
Richard W. Husband. A statistical comparison of the 
efficiency of large lecture versus small recitation sections 
upon achievement in general psychology. Journal of Psychol­
ogy 31: 297-300. April, 1951. 
p 
John B. Holland. The image of the instructor as it is 
related to class size. Journal of Experimental Education 23: 
171-177» December, 195^ -
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received by small sections of the same type.... 
4. There is some reason to believe that the inter­
action factor may be crucial to the perception 
by the student of the instructor. 
5. Finally, this experiment supports the hypothesis 
that instructors are not able consistently to 
estimate their reception by their classes, nor 
to distinguish correctly the difference in 
images reflected by different classes. 
Maddy^  reported upon an experiment using two classes in 
economics at Iowa State College. The small section of 32 
students was taught by the discussion method. The large sec­
tion of 62 students was taught by the lecture method. An 
analysis of covariance was used, controlling on all-college 
average and marks in previous economics courses. No sig­
nificant differences were found. 
2 Braves reports a study on class size in a professional 
education course at the University of Wisconsin. Five classes 
of sizes 28, 30, 31» 59, and 64 were used. Students were 
classified as high if their previous grade point average was 
2.88 or higher and their ACE test score was 126 or higher. 
Students were classified as low if their grade point average 
was 2.51 or lower and their ACE test score was 109 or below. 
Students were classified as academic if they had a major in 
one of the fields of language, science-mathematics, or social 
Paul E. Maddy. Relationship of size of class and method 
of teaching to achievement in Economics 233 at Iowa State Col­
lege. Unpublished M.S. Thesis. Ames, Iowa, Iowa State Col­
lege Library. 1956. 
? David Daniel Draves. A study of class size and instruc­
tional methods. Unpublished Ph.D. Thesis. Madison, Wiscon­
sin, University of Wisconsin Library. 1957* 
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science. Students with majors in other fields were classified 
as non-academic. 
Among students classified as high, low, academic, and 
non-academic, it was found that small classes brought about 
higher mean achievement as measured by the objective final 
examination, subjective examination, and judgment test than 
did the students in large classes. Differences in favor of 
small classes were more pronounced for the high students and 
those with academic majors than for the low students and non-
academic majors. 
Draves controlled upon the total score on the American 
Council on Education Psychological Examination, the previous 
college grade point average, and the score on an objective 
pretest. However, he failed to find any statistically sig­
nificant differences. 
Ma comber and Si eg el"1" are currently conducting a study 
upon large-group instructional procedures at Miami University. 
A grant of $285,600 was received from the Fund for the Ad­
vancement of Education for this study. This study is con­
cerned with four general types of large-group instructional 
procedures: (1) large lecture sections, (2) large groups 
taught by problem-solving or case-study procedures, (3) mul­
tiple sections receiving instruction through television, and 
F^. G. Ma comber and Laurence Si eg el. A study in large-
group teaching procedures. The Educational Record 38: 220-
229. July, 1957. 
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(4) multiple sections taught by graduate assistants and co­
ordinated or supervised by a regular faculty member. 
The experimental and control sections of each course were 
equated on the basis of scores on the Cooperative Test of 
English Achievement, Cooperative Mathematics Placement Test, 
and the American Council on Education Psychological Examina­
tion. In addition, many of the sections were also equated 
on grade point averages for the previous semester and scores 
on a pretest of subject-matter knowledge. Apparently, the 
groups were equated by getting equal means on the above items. 
Three problem areas were investigated: achievement in 
terms of course objective, students * attitudes about the 
course and instructor, and students' attitudes about televi­
sion and large class instruction. 
It was reported that neither television nor large class 
presentation adversely affected achievement when these classes 
were compared with control sections. High-ability students 
perform equally well regardless of attendance in large class 
or control sections. In some courses, there was a pronounced 
tendency for low-ability students attending the control sec­
tion to perform better on the final examination than low-
ability students in the large section. 
Regarding student evaluation of the instructor, it was 
found that each television instructor was rated as favorably 
by his television section as by his control section. However, 
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most large class instructors received less favorable ratings 
in the large sections than in the small control sections. A 
tendency for students in control sections to rate the course 
content more favorably than students in either television or 
large class sections was noted. 
Upon the question of student attitude towards television 
and large lecture classes, it was reported"*": 
In general, the great majority of students prefer 
to be assigned to a small discussion-type class 
rather than to a television class or a large class 
other than TV, provided they can be assured of get­
ting a preferred instructor. However, students in­
dicated overwhelmingly that they would prefer as­
signment to a large class or television class rather 
than take their chances on assignment to "any" in­
structor in a small-sized class, provided the in­
structor in the TV or large class was a teacher of 
known excellence. 
Macomber and Siegel used the standard t-test on the dif­
ference of means in their statistical analysis. The experi­
ment has been carried out in some twenty courses, thus far, 
and in no case was a significant difference noted between 
either television or large lecture classes and the correspond­
ing control section. 
In nearly all of the studies of the effect of class size 
on achievement, the differences that were found failed to meet 
the requirements for statistical significance. Indeed, when 
lecture methods of presentation are used upon both large and 
G. Macomber and Laurence Siegel. TV and large group 
instruction. Phi Delta Kappan 38: 200. February, 1957» 
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small size classes, no important differences should be expected 
if other factors are held approximately constant. When an 
effort is made to use the best possible teaching techniques 
for each size of class, discernible advantages in achievement 
among students of low initial ability have been noted. The 
students of average or high ability display only slight dif­
ferences attributable to class size. The attitudes and in­
terests of the students towards the course content and the 
instructors ability do seem to be adversely affected by in­
creasing class size. 
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IV. ADMINISTRATIVE AND INSTRUCTIONAL DETAILS 
At the University of Wichita, there is an administrative 
practice of long standing which allows students to transfer 
from one section of a course to any other section of the same 
course at almost any time during the semester. Changes are 
made whenever space is available in the section to which the 
student desires to transfer. The policy is to approve trans­
fers, whenever possible, for students who feel that the change 
will be to their benefit. 
The above policy, although very desirable from many view­
points, makes it almost impossible to conduct a study using 
an experimental and a control group during the same semester. 
Therefore, in this study the control group consisted of all 
students enrolled in intermediate algebra for the first time 
in the fall semester of 1956. The experimental group consist­
ed of those students who enrolled in intermediate algebra for 
the first time in the fall semester of 1957» Spring semester 
students were not used, since students in the spring semester 
very likely differ with respect to some characteristics from 
the fall group. 
The students in the control group were assigned to the 
various sections of Intermediate algebra at registration. 
Since there were only a few hours at which more than one sec­
tion of intermediate algebra was offered, the students, by 
selecting the time of their class, nearly always selected 
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their section. These classes met for 50 minutes, two days a 
week. In all cases these days were Tuesdays and Thursdays. 
The starting time of the classes ranged from as early as 7:00 
a.m. to as late as 2:00 p.m. 
The teachers for these classes were all full time staff 
members ranging in rank from instructor to associate profes­
sor. There were some twelve different teachers for the 14 
sections of intermediate algebra. Since the full-time staff 
of the mathematics department at this time was only 17, it 
can be seen that a major portion of the full-time staff had 
one or more sections of intermediate algebra. A section of 
intermediate algebra counted as two hours upon the teaching 
load of the teacher. Normal teaching loads at the University 
of Wichita vary from 15 hours for instructors to 10 or 11 
hours for full professors. 
The teaching techniques used by the various teachers were 
those commonly associated with small sized classes in math­
ematics at the freshman level. Some of the techniques in­
volved were informal short lectures, the solving of selected 
illustrative examples, class discussion, recitation, unan­
nounced short quizzes, and blackboard drill. These and other 
techniques were used by the teachers as suited the needs of 
the class. 
The grades in these sections of intermediate algebra were 
based upon the results of teacher-made hour tests and final 
examinations. The final examination schedule at the Univer­
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sity of Wichita makes no provision for uniform examinations 
in all sections of a particular course. Therefore, each 
teacher had to devise and score his own examination. 
For the experimental group in the fall of 1957 only 
three sections of intermediate algebra were taught. These 
classes were scheduled at 12 noon on Tuesday and Thursday, 
1:00 p.m. on Tuesday and Thursday, and 2:00 p.m. on Monday 
and Wednesday. The students selected their own sections of 
intermediate algebra at the time of registration. All three 
sections were taught by Professor Klein. These classes were 
counted as eight hours of Professor Klein's 13 hour load. 
Because of the lack of opportunity for the students to 
have their questions answered in class, special conference 
hours were scheduled at 9:00, 10:00, and 11:00-on-Tuesdays 
and Thursdays. The students were advised in class by Profes­
sor Klein to attend these sessions although attendance was 
optional. Professor Wrestler, Professor Brewer and Instructor 
Huckins each had charge of two conference hours per week. 
These conference sessions counted for two hours towards the 
teaching load for the teachers involved. 
All three sections met in the same classroom. This 
classroom had a seating capacity of l60 students. The room 
was well lighted and air conditioned. The seats were slightly 
elevated affording excellait view of the professor and the 
chalkboard. The room was wired for sound and Professor Klein 
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normally used a throat microphone. Professor Klein could 
easily be heard in any portion of the room. A graduate stu­
dent was assigned the task of checking attendance and aiding 
in other clerical duties. 
The teaching method used by Professor Klein was a more 
formal lecture interspersed with many illustrative examples. 
Professor Klein usually tried to allow five minutes at the 
end of each 50 minute class session for questions from the 
students. Other questions had to be referred to the various 
conference sections. 
All of the hour tests and the final examination were 
prepared and graded by a committee composed of Professor Klein 
and the three teachers in charge of the conference sections. 
The course grades were also determined by this committee based 
upon the results of the hour tests and the final examination. 
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T. COLLECTION OF DATA 
At the University of Wichita there are available eight 
measures of ability which are assembled in the regular institu­
tional routine for each entering freshman. The eight measures 
are: the quantitative, linguistic, and total scores on the 
American Council on Education Psychological Examination, 1954 
College Edition, the reading vocabulary, the reading speed 
and comprehension, and the English mechanics scores on the 
Cooperative English Test, Form Z, the mathematics achievement 
score on the Cooperative General Culture Test, Form XX, and 
the high school grade average. These variables are available 
prior to the beginning of course work in the freshman year. 
Complete records of information were available for 239 stu­
dents for the fall semester of 1956 and 211 students of the 
fall semester of 1957» 
During freshman week of the fall semesters, the American 
Council on Education Psychological Examination, 1954 College 
Edition, was administered to incoming freshmen. Three scores 
on this examination were available for all 450 students. 
These scores are: the quantitative score, hereinafter desig­
nated as the ACE-Q; the linguistic score designated as the 
ACE-L; and a total score here designated as ACE-T. In the 
ensuing statistical treatment the ACE-Q is represented by the 
variable X^ , the ACE-L by Xg, ami the ACE-T by X^ . 
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During freshman week of the fall semesters, the Coopera­
tive English Test, Form Z, was administered to the entering 
freshmen. Three scores on this examination were available 
for all 450 students. These scores are: reading vocabulary 
score, hereafter designated as HV; reading speed and compre­
hension score, here designated as RS; and the English mechan­
ics score, here designated as EH. In the ensuing statistical 
treatment, the reading vocabulary score is represented by the 
variable X^ , the reading speed score is represented by X^ , and 
the English mechanics score by X^ . 
During freshman week the mathematics section of the Co­
operative General Culture Test, Form XX, was administered to 
entering freshmen. A mathematics achievement score on this 
examination was available for all 450 students. These scores 
are represented by the variable Xy in the ensuing computations 
and are referred to as math scores or in some places as MA. 
The scores on all the above entrance examinations are 
recorded as coded Z-scores. The Z-scores on all except the 
math scores are based upon national college freshman norms. 
For the math scores, norms devised by Jackson Powell, Bean of 
the College of Education at the University of Wichita, were 
used. The code used is listed in Table 3» The coded z-scores 
have a mean of ten and a standard deviation of four. 
The high school grade average is computed by the regis­
trar on the following basis: A = 97; B = 90; C = 82; D = 74; 
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Table 3* Code used in recording results of entrance examina­
tions 
Z-score Codé Z-scoré Code 
less than - 2.25 0 0.00 to 0.25 10 
- 2.25 to — 2.00 1 0.25 to 0.50 11 
— 2.00 to 
- 1.75 2 0.50 to 0.75 12 
- 1.75 to - 1.50 3 0.75 to 1.00 13 
- 1.50 to - 1.25 4 1.00 to 1.25 14 
— 1*25 to - 1.00 5 1.25 to 1.50 15 
- 1.00 to - 0.75 6 1.50 to 1.75 16 
- 0.75 to - 0.50 7 1.75 to 2.00 17 
- 0.50 to - 0.25 8 2.00 to 2.25 18 
- 0,25 to 0.00 9 2.25 and over 19 
F = 65* Thus it is possible for a student to have an average 
as great as 100.00 or as low as 65*00, although a student with 
the latter obviously could not graduate from high school and 
hence could not appear among the 450 students in this inves­
tigation. For convenience, the high school grade average will 
be called the high school average or in tables indicated as 
the HSA or in the formulas which will be developed as Xg. 
The course grades in intermediate algebra for the 450 
students were available in the mathematics department's stu­
dent record file. The grades were recorded on the basis of 
an A = 4; B = 3; C=2;D=1;F = ©;¥ = ©. For convenience, 
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the-course grades In intermediate algebra will be called 
algebra achievement or in statistical computations as Y. 
The high school from which each of the 450 students grad­
uated was taken from the high school transcript of each stu­
dent. These transcripts are kept in the student's permanent 
folder in the registrar's office. 
Both the control and experimental groups were now divided 
into four subgroups based upon the type of high school from 
which the students graduated. Into one group were placed 
those students who graduated from Wichita High School-East. 
For the control group there were 69 who graduated from East 
High School, while for the experimental group there were 50. 
In statistical computations this group will be designated as 
I. 
In the second group were placed those students who grad­
uated from a Wichita high school other than East. For the 
control group there were 61 students who graduated from one 
of these high schools while for the experimental group there 
were 59» In statistical computations this group will be 
designated as II. 
The remaining students were divided into two groups ac­
cording to the size of the high school from which they grad­
uated. Those high schools whose total enrollment exceeded 
250 students were classified as large high schools, while 
those whose enrollment was 250 students or less were classi-
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fled as small high schools. The four year enrollment of each 
of the Kansas high schools included in this study was secured 
from the Kansas Educational Directory, a publication of the 
State Department of Public Instruction, listing all high 
schools in the state of Kansas and the four year enrollment 
of each. Also included in the study were students from the 
nine states of Arkansas, Florida, Iowa, Louisiana, Missouri, 
Nebraska, New York, Oklahoma, and Texas. The corresponding 
publications for these states were used to place these stu­
dents in the appropriate groups. 
For the control group, 58 students graduated from large 
high schools outside of Wichita. For the experimental group 
50 students graduated from the large high school outside of 
Wichita. In statistical computations this group will be 
designated as III. The remaining students, 51 control and 52 
experimental, graduated from small high schools. This group 
will be designated as IV in statistical computations. 
For ease of handling, a sample of 50 students was select 
ed from each of the 8 subgroups by using a table of random 
numbers. The sums for the criterion and control variables 
for these eight subgroups are shown in Table 15» in the Ap­
pendix. 
For the experimental group only, special non-compulsory 
conference or help sessions were held at regularly scheduled 
times. Attendance was taken at these sessions. The number 
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of sessions attended shall be called conference hours and will 
be designated in the statistical treatment as Z. 
The statistical techniques selected to treat this problem 
were: analysis of variance, multiple classification; analysis 
of regression; and analysis of covariance, multiple classi­
fication. Further details of methods of procedure and more 
rigid definitions will be made at appropriate places through­
out the study. 
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VI. ANALYSIS OF ALGEBBA ACHIEVEMENT 
A. Analysis of Achievement without 
Control of Student Aptitudes 
The criterion of achievement chosen in this study was 
the mark in intermediate algebra. These marks of A, B, C, D, 
and F have been assigned numerical values of 4, 3» 2, 1, and 
0, respectively. Not all of the students enrolling in inter­
mediate algebra completed the course. Students in this at­
trition group fell by the wayside for a variety of reasons, 
not all of which can be included under the classification of 
non-college timber. 
Since the number of students who received a mark of W 
(withdrew) is large in all undergraduate mathematics classes 
at the University of Wichita, this attrition group cannot be 
ignored in a study of algebra achievement. Some numerical 
value must be assigned for each student so classified. For 
the purposes of this study, the algebra achievement marks for 
students who withdrew from the course were assigned a numeri­
cal criterion score of 0. This arbitrary decision has some 
justification when it is considered that these students failed 
to earn any grade points towards graduation. 
Table 4 displays the distribution of grades in inter­
mediate algebra for each of the eight subgroups. A few ob­
servations can be made directly from this table. 
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Table 4. Distribution of grades in intermediate algebra 
High school 
group A B C B F ¥ Total Average 
Control 
I ? 4 15 7 14 8 50 1.14 
II 3 6 16 5 12 8 50 1.34 
III 4 9 10 8 15 4 50 1.42 
IV 3 6 16 8 8 9 50 1.40 
Subtotal 12 25 57 28 49 29 200 1.325 
Experimental 
I 1 3 9 1 23 13 50 0.64 
II G 2 7 12 15 14 50 0.64 
III 2 4 8 11 12 13 50 0.94 
IV 1 4 13 12 12 8 50 1.08 
Subtotal 4 13 37 36 62 48 200 0.825 
Total 16 38 94 64 111 77 400 1.075 
The failure and drop outs increased for the experimental 
group and the grade average dropped one-half of a grade point. 
By averaging the two values shown for each high school group, 
means were found of 0*89, 0.99, 1.18, and 1.24 for groups 
I, II, III, and IV, respectively. 
Probably the most straight forward method of evaluating 
the effectiveness of class size would consist of an analysis 
of variance without regard to individual differences. Such 
analysis of variance may be made with a two way classification 
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by class size and high school group. Such an analysis is 
shown in Table 5* If the test of significance employs the 
within mean square as the denominator in computing the F 
terms, significance at the 1 per cent level is noted for class 
size. For the high school groups and the interaction, the F 
Table 5* Analysis of variance of grades in intermediate 










Class size 1 25.00 25.00 18.12** 
High school 
group 3 7.97 2.6567 1.93 
Interaction 3 1.82 0.6067 0.44 
Within 
subgroups 392 540.96 1.3800 
Total 399 575.75 
Significant beyond the 1 per cent level. 
terms fail to reach the 5 per cent level. Since individual 
student ability has been ignored, too much confidence should 
not be placed in this analysis. 
B. Analysis of Achievement with Control of Student Aptitudes 
There are two purposes in the use of covariance analysis, 
elimination of bias due to unequal group ability and reduction 
of the error term, thus providing a more sensitive test of 
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significance. In all studies requiring covariance analysis, 
the choice of control variables is a major issue. 
In the study reported here, the choice of control vari­
ables was limited to eight: (1) the score on the quantitative 
part of the American Council on Education Psychological Exam­
ination, (2) the score on the linguistic part of the foregoing 
test, (3) the total score on this test, (4) the reading vocab­
ulary score on the Cooperative English Test, (5) the reading 
speed score on the same test, (6) the mechanics score on this 
English test, (7) the score on the mathematics part of the 
Cooperative General Culture Test, and (8) the high school 
grade average. 
The intercorrelation among these variables and the cri­
terion are shown in Table 6. The highest correlation (.377) 
with criterion occurred with the high school average. 
Since the ACE-T is a combination of the ACE-Q and ACE-L, 
it did not seem that a significant gain would result from 
using all three variables instead of using the ACE-T alone. 
Therefore, a preliminary three variable regression equation 
was found and the loss due to eliminating the ACE-Q and ACE-L 
was tested. The results are shown in Table 7* 
The F value of 1.02 with 2 and 396 degrees of freedom 
was not significant. Therefore, a regression equation was 
developed and a multiple correlation coefficient was calcu-
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Table 6. Pearson product-moment coefficients of correlation 
%1 %2 'h \ *5 *6 4 % 
Y .206 .314 .375 .232 .334 .317 .270 .377 
.333 .502 .218 .339 .313 .250 .207 
.906 .717 .756 .588 .391 .345 
X3 .623 .756 .629 .449 .391 
\ .690 .492 .341 .189 
Xf .642 .340 .372 
X6 .268 .451 
*7 .221 
lated, using all the pre-college variables except the ACE-Q 
and ACE-L. 
The deviation form of the regression equation using six 
control variables is: 
Y = a-ji^  + a2xk + a^ x^  + a^ x& .+ a^ x? + a^ Xg 
The values of a^ , a2> a^ , a^ , a^ , and are found by the 
usual least squares method. The six normal equations are: 
o 
Ix^ y = a^ IXgX^ + a^ Xx^ x^ + a^ x^ x^ + a^ Ix^ x^ -s- a^ x^ xg 
2x^ y = a^ 2x^ + a2Sx£+ a^ lx^ x^ - a^ x^ + a^fyx?+ a^ x^ xg 
2 2x^ y = a^ x^ x^ - a2lx^ x^ + a^ Ix^ + a^ x^ + a^ Iz^ Xy+ a^ lx^ xg 
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Table ?• Test of the loss due to the elimination of the 
ACE-Q and ACE-L scores 
Source of Degrees of Sum of Mean P 
variation freedom squares square 
3 variable 
regression 3 78-5753 
1 variable 
regression 1 76.1968 
Loss 2 2.3785 1.1892 1.02 
3 variable 
residual 396 462.3847 1.1671 
Is6y = a2îx^ x6+ a3Ix5i5+ a^ z§+ a6Zx6Zg 
G 
X^r,y = a^x^xy+ a^ lx^ xp* a^ Ix^ x^ + a^ Ix^ + a^ Xx^ Cg 
Zxgy = aiXl3z8+ a2l3SH*8+ a3»5x8+ aN^ x6x8+ a5&7r8+ a6^ 4 
The necessary values, shown in Table 17 in the Appendix 
were substituted in the foregoing equations. Upon solution 
for the "a" coefficients, the regression equation for the 
total sample was: 
y = 0.6409902X3 + 0.0026l31xlf + ©.0277637x5 + 0.0079875*6 
+ 0.059834x7 + O.O704967xg 
The analysis of variance of multiple regression is shown in 
Table 8. 
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Table 8. Analysis of variance of multiple regression using 
six control variables 
Source of Degrees of Sum of Mean F 
variation freedom squares square 
Regression 6 125.5872 20.9312 18.27** 
Residuals 393 450.1628 1.1455 
Total 399 575.75 
S^ignificant beyond the 1 per cent level. 
The regression was found to be significant as indicated 
by an F-value of 18.27 and which yielded a coefficient of 
multiple correlation of 0.465» 
Analysis of covariance can be applied to data which have 
been stratified and regression can be applied so as to take 
into account initial elements of both. This procedure permits 
the testing of three hypotheses. In this study the hypotheses 
to be tested are; there is no difference in algebra achieve­
ment of students resulting from class size; there is no dif­
ference in algebra achievement of students who graduated from 
the four high school groups ; there is no difference in algebra 
achievement among students who graduated from the four high 
school groups which can be attributed to the fact they were 
in an experimental class or a control class. 
The information necessary for covariance analysis is 
shown in Table 17 in the Appendix. Conforming to the usual 
practice in covariance analysis, equations were found for 
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predicting algebra achievement from the within subgroups in­
formation as well as from within subgroup together with each 
of the main effects and interaction. These equations in de­
viation form are: 
Class size y = 0.0439382x^ - 0.0024508x^  + 0.0264368x^  
+0,0l46234x6+0.0605849z7 + 0.065958lxg 
High school group y = 0.0537593x^ - 0.005l034x^  + 0.0248892x^  
+0.0050458x6+ 0.049176lxy+ 0.0703l49x8 
Interaction y = 0.0475946xg- 0.0077597x^  + 0.0288266x^  
+0.0095130x6+ 0.0519418x 4^- G.0679019X8 
Within subgroups y = 0.051723lx^ - 0.008979Qx^  + 0.02608©3x^  
+0.010660Qx6+ O.0512O97x7+ 0.0668786xg 
With the aid of these equations, analysis of covariance 
was made. The results of that analysis are shown in Table 9* 
The P-value of 17-75 for class size is significant beyond 
the 1 per cent level. Therefore, in so far as the criterion 
of achievement in algebra is a satisfactory measure and in so 
far as prior achievement is controlled by high school grade 
averages, and scholastic aptitude by the scores on entrance 
tests, evidence demonstrated that the small-sized classes were 
superior. 
The coefficients of x^ , x^ ,and x^  in all the regression 
equations are small, suggesting that one or more of these 
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Table 9* Tests of significance for all sources of variation 




Degrees of Sum of Mean 



















** Significant beyond the 1 per cent level. 
variables could be eliminated without significant loss. Using 
the within subgroups regression equation, the loss was com­
puted which resulted from the elimination of the reading 
vocabulary, reading speed, and English mechanics scores. The 
results of that test are shown in Table 10. 
Table 10. Test of the loss due to the elimination of the 












regression 6 117.1911 
3 variable 
regression 3 115.4840 
Loss 3 1.7071 0.5690 0.528 
6 variable 
regression 393 423.7689 1.078 
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The F-value of 0.528 was not significant. Hence, these 
three control variables may be eliminated without significant 
loss. The losses resulting from the elimination of the math 
test score, the high school average, and the ACE total score, 
were also computed. These results are shown in Table 11. 
Table 11. Test of loss by elimination of ACE total score, 
high school average, and math achievement score 
Source of Degrees of Sum of Mean F 
variation freedom squares square 
3 variable 
regression 3 115.4840 
Loss by elimination 
of ACE-T 1 18.7916 18.7916 17-49** 
Loss by elimination 
of MA 1 5.3719 5.3719 5.00* 
Loss by elimination 
of HSA 1 32.3089 32.3089 30.07** 
3 variable 
residual 396 425.4759 1.0744 
* Significant beyond the 5 per cent level. 
** 
Significant beyond the 1 per cent level. 
The tests of loss by elimination of various control 
variables, as shown in Tables 10 and 11, indicate that three 
variables will do nearly as good a job of prediction as all 
six. Therefore, the various regression equations were now 
found using only the math achievement score, the ACE-T, and 
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the high school average. These three variable equations are: 
Class size y = 0.©67452x^ + 0.0597585zy+ 0.011789%# 
High school group y = 0.0695024x^ 4- 0.0484645xyt- 0.0730028xg 
Interaction y = 0.0666562x^ 4- 0.0502352x^ 4- 0.0726l76xg 
Within subgroups y = 0.0689809Xg4- 0.0496766x74- 0.0715919xg 
Total y = 0.0658786x^ 4- 0.0590069Xy+ 0.0736029xg 
The analysis of variance of multiple regression using 
three control variables is shown in Table 12. 
Table 12. Analysis of variance for within subgroup multiple 
regression using three control variables 
Degrees of 
freedom 






Regression 3 115.4840 38.4947 35.83** 
Residual 396 425.4760 1.0744 
Total 399 540.96 
jfcsfc 
Significant beyond the 1 per cent level. 
If the sum of squares for regression is divided by the 
sum of,squares for total and the square root of the quotient 
extracted, the coefficient of multiple correlation between 
algebra achievement and ACE-total score, math achievement 
score, and high school average is found to be 0.462. This 
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value is only slightly less than the value of 0.465 found when 
using six variables. 
The analysis of covariance using the three variable re­
gression equation is shown in Table 13. The F-value of 18.5© 
for class size is significant beyond the 1 per cent level, 
Table 13. Tests of significance for all sources of varia­
tion using three control variables 
Residuals 
Source of Degrees of Sum of Mean F 
variation freedom squares square 
Class size 1 20.234? 20.234? 18.50** 
High school 
group 3 4.3709 1.4570 1.33 
Interaction 3 2.2625 0.7542 O.69 
Within 
subgroups 389 425.4760 1.0938 
4ca|e 
Significant beyond the 1 per cent level. 
whereas the F-value of 1.33 and 0.69 for high school group and 
interaction, respectively, do not reach the 5 per cent level 
of significance. 
The extent, that being a student in one group or another 
affects achievement in intermediate algebra, can be determined 
by adjusting the criterion means for each group. 
The adjusted mean achievement was 1.301 for the small 
class and 0.849 for the large class. This difference is ap­
52 
proximately equivalent to one-half of a letter grade when 
grades are reported on an A, B, C, D, and P basis. 
C. Effect of Conference Sessions on Achievement 
During the semester, approximately 90 hours were set 
aside for conferences and help sessions for the students en­
rolled in the large lecture sections of intermediate algebra. 
Attendance at these sessions was entirely optional. However, 
an attendance record was kept for the purposes of this study. 
Table lb displays, in frequency distribution form, the number 
Table 14. Attendance at conference sessions 
Number of Passing Failing8 
conferences 
none bl 35 
1 - 5  20 13 
6-1© 8 8 
11 - 15 10 3 
16 - 20 6 0 








31 - 35 0 0 
36 - 4© 0 1 
Total 90 62 
S^tudents who withdrew from the course have been 
eliminated. 
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of conference hours attended by students who passed the course 
with a D or better and similar information for students who 
received an F in the course. Since the conferences were avail­
able only to the experimental group and since students who 
withdrew from the course before the final examination have 
been eliminated, this portion of the study deals with only 152 
students. 
The mean number of conference hours attended by students 
who passed the course was 5»4l hours. The mean number of 
conference hours attended by students who failed was 3«73 
hours. The null hypothesis, that there is no difference in 
the true means for the number of conference hours attended by 
students who passed or failed the course, was then tested by 
using the usual t-test. A nonsignificant t-value of 1.42 was 
found. 
Since no significant difference in the mean number of 
conference hours attended by passing and failing students 
could be demonstrated, the only conclusion relative to con­
ference hours which can be made is that the students, whether 
passing or failing, failed to take advantage of the conference 
sessions. This statement can be supported by observing that 
exactly one-half (76) of the students failed to attend a sin­




This study of class size was conducted at the University 
of Wichita in the mathematics department. Students enrolled 
in intermediate algebra for the fall semester of 1956 formed 
the control group. These students were assigned to classes 
whose average size was 21.4 students and were taught by 
standard lecture-discussion methods. Students enrolled in 
intermediate algebra for the fall semester of 1957 formed the 
experimental group. These students were assigned to classes 
whose average size was 84.6 students. These students were 
taught by a formal lecture method with many illustrative 
examples worked out on the chalkboard. For the students in 
the experimental group, six hours for conference or help ses­
sions were provided each week. The criterion of achievement 
chosen for this study was the mark in intermediate algebra. 
A sample of 200 students was selected from the control 
group and from the experimental group. These students were 
so selected that 50 students graduated from each of four 
groups of high schools. These groups were: group I - Wichita 
High School-East, group II - Wichita High Schools other than 
East, group HI - high schools located outside Wichita with 
an enrollment of over 250 students, and group IV - high 
schools located outside Wichita whose enrollment was less than 
250 students. 
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An analysis of covariance was used to test the effect of 
class size, high school group, and the interaction of class 
size and high school group on algebra achievement. This 
analysis was made holding constant prior achievement as meas­
ured by the high school grade average and student aptitude as 
measured by the total score on the American Council on Educa­
tion Psychological Examination and the mathematics achievement 
score on the Cooperative General Culture Test. Five other 
measures of aptitude were tried and eliminated as not making 
a significant contribution to the analysis. 
This covariance analysis revealed a highly significant 
difference in favor of the students in the small sized classes 
over students in the large lecture sections. The differences 
found among the four high school groups were not significant. 
Likewise, the interaction between class size and high school 
group was not statistically significant. 
The attendance of the students in the experimental group 
at the conference sessions was studied to determine what ef­
fect, if any, these sessions had on achievement. The mean 
number of conference hours attended by students who passed 
the course was 5.4-1 while the students who failed the course 
had a mean of only 3-73 hours for the semester. The differ­
ence between the two means was tested using the standard 
t-test. The computed value of t was not statistically sig-
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nifleant• Therefore, a difference in achievement resulting 
from the attendance at conference sessions was not demonstrated. 
The only conclusion relative to the conference sessions 
which can be made is that the students failed to take full 
advantage of them. Exactly one-half of the students failed 
to attend a single conference session and another 20 per cent 
attended five or fewer sessions. 
Subject to the conditions and restrictions of this study, 
it can be concluded, that students in large lecture sections 
of intermediate algebra show less achievement than do similar 
students enrolled in small sized classes. 
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APPENDIX 
Table 15. Sums of criterion and control variables by high school subgroups 
Sum Control Expérimental Total 
I II III IV I II III IV 
Y 57 67 71 70 32 32 47 54 430 
X1 467 477 474 481 430. 489 482 428 3728 
*2 482 490 487 515 474 470 526 468 3912 
X3 4?2 481 467 500 443 486 505 445 3799 
306 324 328 308 256 276 316 281 2395 
x5 324 371 335 324 317 307 362 295 2635 
x6 226 278 230 254 263 231 232 157 1871 
X7 435 411 409 396 362 395 395 388 3191 
x8 4185 4245 4173 4285 4176 4197 4208 4291 33760 
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Table lb. Basic data for 400 students in intermediate algebra 
Variable Sum Variable Sum 
Y 1038 XL*8 316873 
4 40584 % 42161 
Â 43686 27218 
4 - 41723 % 29432 
4 19529 % 21750 
4 21711 =2=7 32715 
15229 X2X8 332379 
4 28254 26184 
x§ 2857124 % 28754 
YXI 4622 21534 
YXG 4758 32081 
YX3 4747 X3XG 323172 
3007 V? 19053 
YX5 3362 14012 
^6 2601 20431 
YXY 3785 Vé 203313 
YXG 37090 % 15732 
% 39653 =5=7 22206 
% 40269 X5*8 224468 
*A 24332 16038 
% 27377 % 160924 
% 20603 X7X8 270308 
x  ^ 31420 
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Table 17• Deviation form sums of squares and crossproducts 
for all sources of variation 
Source of variation 








y2 25.00 1.82 540.96 575.75 
x? 12.25 34.86 31.61 5760.32 5839.04 
4 3.24 20.58 38.70 5364.12 5426.64 
4 4.20 20.23 49.15 5568.42 5642.00 
46.92 34.95 9.85 5097.22 5188.94 
4 13.32 37.29 43.83 4258.50 4352.94 
x6 27-56 54.07 102.35 6293*42 6477.40 
4 30.80 2.97 27.65 2736.38 2797.80 
4 0.64 282.22 35.82 7461.32 7780.00 
ziy 17.50 2.31 -5-89 600.48 614.40 
Xgy 9.00 10.10 -1.84 535.34 552.60 
x3y 10.26 6.52 -5.08 651.38 663.O8 
x^y 34.26 9.84 2.24 386.04 432.38 
x5y 18.26 -O.89 4.05 507.96 529.38 
V 26.26 -17.40 • —4.02 584.84 589.68 
x^y 27.76 -2.17 0.73 328.36 354.68 
x8y 4.00 30.69 5.69 757.62 798.00 
X1X2 6.30 8.83 22.29 3155.74 3193.16 
xlx3 7.17 24.46 36.35 4794.34 4862.32 
xlx4 23.98 26.39 2.11 1958.12 2010.60 
xlx5 12.78 31.08 —0.34 * 2775.28 2818.80 
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Table 17• (Continued) 
Source of variation 








xlx6 18.38 18.26 13.86 3114.78 3165.28 
xlx7 19.42 7.73 8.79 1643.94 1679.88 
xlx8 2.80 -17.11 -5« 61 2249.72 2229.80 
*2*3 3-69 12.09 38.30 4952.70 5006.78 
12.34 23.21 9.27 3750.08 3794.90 
x2x5 6.57 11.84 30.95 3612.34 3661.70 
X2X6 9.45 -16.95 43.36 31+15.76 3451.62 
9.99 0.18 -2.65 1499.50 1507.02 
*2*8 1.44 3.17 19.71 2181.88 2206.20 
X3X4 14.05 23.52 8.34 3391.58 3437.49 
X3X5 7.49 19.89 17.55 3683.16 3728.09 
x3x6 10.76 1.15 30.27 3722.00 3764.18 
X3X7 11.38 3.73 8.07 1751.30 1774.48 
x3x8 1.64 8.21 8.57 2517.98 2536.40 
X4X5 25.00 27.95 13.81 3209.18 3275.94 
X4X6 35-95 -4.36 -5.94 2783.74 2809.39 
38.02 4.55 10.00 1272.32 1324.89 
V8 5.48 -IO.90 16.24 1164.18 1175.00 
X5X6 19.17 24.53 36.99 3326.10 3406.79 
X5X7 20.26 9.58 -6.37 1161.82 U85.29 
X5X8 2.92 -62.22 36.14 2097.16 2074.00 
X6X7 29.14 10.69 -41.15 1113.42 1112.10 
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Table 17« (Continued) 
Source of variation 
Sum Method High Inter­ Within Total 
school action subgroup 
eroun 
X6X8 4.20 -89.75 9.91 3087.24 3011.60 
4.44 -21.63 4.43 1000.36 987.60 
